A 77-year-old male underwent L-1 to S-1 spine decompression and fusion from L-3 to S-1. A 25 G spinal catheter was placed intraoperatively and bupivacaine 1.25 mg/ml, fentanyl 2 µg/ml and morphine 3 µg/ml infused. The patient was pain-free for the duration of the infusion. Continuous spinal analgesia was effective after extensive spinal surgery. The risks of post-dural puncture headache, infection of wound and/or meninges and the optimum drug doses and combinations are yet to be quantified in this setting.
The skin and muscles surrounding a dorsal midline spinal decompression incision are innervated by the medial branches of the posterior primary rami of the underlying vertebrae. Analgesia from a surgically placed epidural has been compared with opioid patient-controlled analgesia after lumbar spine decompression and fusion, and found to reduce pain scores, opioid usage and increase patient satisfaction 1 . However, surgical decompression of multiple levels disrupts the posterior epidural space and potentially makes epidural analgesia less effective.
In scoliosis surgery 2 and lumbar spine fusion 3 , single-shot intrathecal morphine produces significant analgesia and reduction in other opioid use for up to 24 hours. Continuous spinal analgesia should be unaffected by extensive disruption of the epidural space and prolong analgesia duration beyond that of a single-dose intrathecal morphine injection.
CASE HISTORY
A 77-year-old male, weight 85 kg and height 1.75 m, was scheduled for posterior lumbar decompression from L-1 to S-1 and fusion from L-3 to S-1 to treat spinal stenosis. Co-morbidities included severe aortic regurgitation and controlled atrial arrhythmia. Cardiology opinion was that aortic valve replacement was not currently indicated. After discussion of analgesia options with the surgeon, continuous spinal analgesia (CSA) was offered.
Anaesthesia consent discussion included the proposed CSA technique, alternative analgesia techniques and the reasons why it was felt they would be less effective. Disclosure of the innovative nature of the proposed analgesia was explicit and included the unquantified incidence of post-dural puncture headache (PDPH) and meningitis.
Anaesthesia for the six-hour procedure was maintained with desflurane in air/oxygen and a remifentanil infusion. The surgery was complicated by an accidental dural tear, repaired with a suture and polyethylene glycol sealant. Prior to commencing wound closure the surgeon placed a 25 G Pajunk spinal catheter (catheter through needle -21 G pencil point) into the subarachnoid space. The rostrally directed puncture was made at the upper level of L-1, after reviewing the patient's preoperative spine imaging to determine the level of the conus. A lateral dural puncture site was chosen so that the puncture site would fall against the remaining bone, and a fat graft was placed over the puncture site. Approximately 5 cm of catheter was fed into the subarachnoid space. The catheter was passed to the anaesthetist and cerebrospinal fluid (CSF) aspirated. Isobaric bupivacaine 5 mg produced a decrease in arterial pressure within two minutes. Pressors and colloid solution were used to maintain arterial blood pressure and the remifentanil was stopped. A subfascial drain was placed, the dural repair was tested with a Valsalva manoeuvre and the patient turned supine.
The patient rapidly regained consciousness, had no pain and could move both lower limbs against gravity. He was admitted to a high dependency area for overnight monitoring and analgesia titration before transfer to the ward. An infusion of bupivacaine 1.25 mg/ml, fentanyl 2 µg/ml and morphine 3 µg/ml (200 ml bag) was commenced at 2 ml/h and reduced to 1 ml/h when his initial sensory level of T-4 bilaterally did not recede over the first three hours. he remained pain-free and had 4/5 power at hip, knee and ankle in both lower limbs throughout the 40-hour duration of the infusion. The spinal catheter was removed at 0800 hours on day 2. The patient was able to eat and drink from the morning of postoperative day 1 and received regular oral analgesia with paracetamol, etoricoxib and gabapentin. No additional analgesia was required until day 4. CSF sampled at catheter removal showed red blood cells 1970×10 6 /l and white blood cells 47×10 6 /l, consistent with dural tear and repair. Microscopy showed no evidence of bacteria, nor was there any bacterial growth on culture. Cefazolin was given at the beginning and during the six-hour procedure, and three further doses at eight-hourly intervals postoperatively. The patient mobilised from the end of day 2 and had no symptoms or signs of a PDPH.
Postoperatively, patient consent was sought and given for publication of this report.
DISCUSSION
Continuous spinal anaesthesia/analgesia has been recently reviewed by Bevacqua 4 . Hesselgard 5, 6 described up to 38 children (it is unclear whether some children are reported in both studies) undergoing multiple level selective dorsal rhizotomy receiving either intermittent or continuous spinal analgesia through surgically placed spinal catheters for five days postoperatively. To our knowledge these are the only case series of continuous intrathecal analgesia after spinal surgery.
Post dural puncture headache
PDPH is a potential complication whenever the dura is punctured or torn. PDPH has an incidence of approximately 1% after percutaneous epidural catheter placement, spinal anaesthetic injection and combined spinal/epidural anaesthesia techniques in obstetric patients 7 . Published series of percutaneous CSA have been too small to accurately estimate the subsequent incidence of PDPH. One study reported an incidence of one headache in 48 patients not requiring blood patch 8 . Bevacqua declined to estimate the risk and suggested that the individual patient clinical benefit of CSA needed to outweigh the risk 4 . Hesselgard 5,6 , using 19 G catheters, in discussion of side-effects makes no reference to headache in either paper.
CSA catheters usually pass through an otherwise intact epidural space, with epidural fat, and any related blood clot, to tamponade the dural hole when the catheter is withdrawn. Spinal surgeons frequently place a fat graft, muscle flap or synthetic dural patch with or without glue over a dural tear repair, required in 3% of spinal decompressions, to provide a similar effect 9, 10 . The catheter in our patient was placed so that bone and epidural fat at the lateral upper margin of the decompression, and a fat graft placed on top, would cover the hole on removal of the catheter to reduce the risk of PDPH.
It is unknown whether surgical spinal catheter placement through an intact intervertebral space or directly with fat graft cover produces less PDPH.
Entry below the conus is ideal. Damage to the conus of the cord has been reported from spinal anaesthesia, following free aspiration of CSF, where the anaesthetists believed they were below the conus 11 . Cord damage has also resulted from a spinal catheter, introduced at lumbar level, being extensively advanced into the subarachnoid space with the aim of producing thoracic placement 12 .
Infection
A surgically placed intrathecal catheter passes through the surgical wound space. Spinal surgeons may place sub-fascial drains to remove postoperative blood loss and also to passively drain CSF after dural tear repair. These have been left in situ for up to eight days to treat CSF leaks 13 . No clear consensus exists on the wound infection risk of subfascial drainage after spinal surgery 14 , with at least one group identifying drainage as reducing late infections 15 .
Meningitis is possible after placing a catheter into the CSF, the level of risk depending upon the setting. In a study of meningitis subsequent to percutaneous lumbar drain insertion treating hydrocephalus complicating subarachnoid haemorrhage, the meningitis rate was 4.2% (13/312). Almost half (6/13) of the infections occurred within 24 hours of insertion and 6/13 patients were already on antibiotics. Skin flora were most commonly isolated. The authors recommended only daily CSF culture, as CSF pleocytosis did not differentiate meningitis from other infections 16 .
A Cochrane review of external cerebral ventricular drain infection found prophylactic antibiotics at cASe report Anaesthesia and Intensive Care, Vol. 37, No. 3, May 2009 insertion and for 24 hours postoperatively reduced the infection rate 17 .
In contrast, percutaneously placed CSA catheters using full sterile preparation are widely accepted to be safe to leave in situ for between 72 to 96 hours 18 . Hesselgard 5, 6 reported no wound infections and made no mention of any case of meningitis. All children received perioperative cefuroxime, but the dose and duration were not reported. Clinically used concentrations of local anaesthetics, including bupivacaine 0.125%, show significant antibacterial properties. Bupivacaine and lignocaine are more potent than ropivacaine 19 . When using CSA, it is unclear whether it is better to break the line daily to sample CSF or to minimise line breaks and use one infusion for the duration.
Drug choice and dosage
Single dose intrathecal morphine reduces PCA opioid use for up to 24 hours after posterolateral lumbar fusion 3 .
Bupivacaine/fentanyl infusions have been shown to be safe and effective for CSA 4 . However, Bevacqua reported only personal experience with continuous intrathecal morphine infusions, up to 1 to 2 mg/day in intensive care settings, and suggested "lower" doses in less monitored environments 4 . Hesselgard (2001) , following an initial intrathecal morphine 5 µg/kg bolus, compared six-hourly intrathecal morphine 5 µg/kg vs. continuous bupivacaine 40 µg/kg/h and morphine 0.6 µg/kg/h. Children in both groups had significant pain initially, most in the bupivacaine group becoming pain-free 5 . The 2006 paper compared bupivacaine 40 µg/kg/h and either 0.4 or 0.6 µg/kg/h morphine, with the higher morphine dose again producing better analgesia 6 . No child in either study was reported to suffer "significant" respiratory depression.
In contrast, between four and eight hours after single dose intrathecal morphine and between 200 and 600 µg in young adult male volunteers of average weight 75.4 kg, all had rises in P a CO 2 and falls in the ventilatory response to CO 2 20 .
The kinetics of intrathecal morphine, either bolus or infusion, are not similar to drugs injected intravenously. Delayed respiratory depression is clear evidence that morphine does not rapidly or completely mix in the CSF. eisenach, using spinal needles at two lumbar levels, reported a model that allowed for clearance of morphine at cord level, but underpredicted the observed morphine levels 21 . Kroin, using a radioactive hydrophilic tracer compound, indium-111 diethylenetriamine penta-acetic acid, showed an almost linear reduction in tracer as the distance increased from the site of infusion. Their chronic infusion pharmacokinetic model proposes movement of hydrophilic compounds away from the site of infusion caused by both caudal and rostral flow of CSF along the spine, and removal primarily by absorption through the cranial compartment 22 .
Our analgesia goals were: Immediately effective postoperative analgesia 1.
allowing neurologic examination by using bupivacaine/fentanyl. To reduce the infection risk by minimising both 2.
line breaks and injections in the spinal catheter system. To prolong the duration of analgesia after infusion 3.
cessation by adding morphine 3 µg/ml (expected 24 hour morphine dose 72 µg to 216 µg).
we anticipated a flow rate between 1 to 3 ml/h for up to 60 hours. We could have either added a loading bolus of morphine to cover early technique failure and avoided using fentanyl or used higher morphine infusion rates. We chose not to do so because of the lack of clear data, for an elderly opioid-naive patient, about safe intrathecal morphine load and subsequent infusion dosages to avoid significant respiratory depression. To prolong the analgesia we could have avoided adding morphine to the infusion and injected a morphine bolus after disconnecting the infusion. We chose not to do so because we wished to minimise the risk of infection and believed we could achieve a similar effect by adding morphine 3 µg/ml to the infusion.
CONCLUSION
Continuous spinal analgesia was effective after extensive spinal surgery in this case, but comparison with established techniques and its risk profile need formal study before it can be widely recommended.
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